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1IJTRODUCTION:
In connection with an increasing i n t e r e s t i n plasma chemical r e a c t i o n s under non-isothermal conditions r e c e n t l y t h e c l a s s i c a l SCHOTTKY d i f f u s i o n theory of t h e p o s i t i v e column was extended t o g a s e s of varying m a t e r i a l composition / I / . This extension r e s u l t e d i n a new viewpoint f o r t h e understanding of one of t h e most important problems i n every column theory: t h e q u a n t i t a t i v e d e s c r i p t i o n of t h e elect r i c c h a r a c t e r i s t i c of the discharge plas-.-.Till now t h e f a l l i n g behaviour of t h e column c h a r a c t e r i s t i c VJaS a t t r i b u t e d mainl y t o such processes a s d e v i a t i o n s from the q u a s i -n e u t r a l i t y and t h e occurence of t h e stepwise i o n i z a t i o n .~~o w i n t h e s p e c i a l case of t h e hydrogen discharge i t was shown t h a t t h e negative d i f f e r e n t i a l res i s t a n c e of t h e column could be declared by the varying degree of d i s s o c i a t i o n i n dependence on t h e discharge current.To calc u l a t e t h e e l e c t r i c c h a r a c t e r i s t i c on t h i s b a s i s a model of t h e discharge mechanism was used a s a f i r s t s t e p which neglected some appearing elementary processes.Eow we have improved t h e model and extended t h e c a l c u l a t i o n t o d i f f e r e n t gas pressures and d i f f e r e n t recombination c o n d i t i o n s a t t h e tube wall.
THEORETICAL MODEL :The st a r t ing-point of our c a l c u l a t i o n s was the c o r r e c t energy d i s t r i b u t i o n f u n c t i o n of t h e e l e c t r o n s i n t h e H2/H-mixture.This required t h e solut i o n of t h e corresponding BOLTZIvIANI? equation.Taking i n t o account a l l important e l a s t i c and i n e l a s t i c c o l l i s i o n s between e l e c t r o n s and H2 and H r e s p e c t i v e l y ( f o r d e t a i l s s e e / l / / 2 / ) t h e d i s t r i b u t i o n funct i o n f(xD,E/po)was c a l c u l a t e d i n t h e frame of usual approximations f o r d i f f e r e n t deg r e e s of d i s s o c i a t i o n xD=O ... 1 and d i f f e re n t reduced e l e c t r i c a l f i e l d s t r e n g t h s E/po=7.. .I GO V/cm Torr.By t h i s t h e t r a n sp o r t c o e f f i c i e n t s and v a r i o u s c o l l i s i o n r a t e s of t h e e l e c t r o n s could be d e t e rinined, too.
Contrary t o / I / i n t h e k i n e t i c model of t h e p o s i t i v e column now we have a l s o cons i d e r e d t h e i o n H; b e s i d e s t h e i o n s H+,H; and H;.~his expanded t h e process scheme a l t o g e t h e r t o t h e follw+ving 14 r e a c t i o n
H + e-+H++ 2e ; z 1 = z 1 (~/ p , , x p ) n4+n2_=ponp; (open tube, l a r g e dead space) n~/2+nz=po,n~;(closed tube, no dead space) j3=n&E; ( a x i a l e l e c t r i c c u r r e n t d e n s i t y ) ( j :current d e n s i t y ; z : c o l l i s i o n r a t e ; n:part i c l e concentration; r, ro :radius coord i n a t e , t u b e radius;b:mobility;D:diffusion c o e f f i c i e n t ;ng=3, 54-10' 6cm-3~orr-1 ; po:re-0 duced pressure ( 0 C) ; p o s : i n i t i a l pressure; H and H2 concentration a r e neglected.
5:therrnal v e l o c i t y ) . I n t h e balance of t h e H atoms t h e terms 6 with t h e d e l t a f u n c t i o n r e p r e s e n t t h e tube
After r a d i a l averaging of t h e b a s i c equat i o n s f o r d i f f e r e n t pressures(0,3...5Torr) and d i f f e r e n t accomodation c o e f f i c i e n t s (low7.. . 1 0 -~) t h e a x i a l e l e c t r i c f i e l d s t r e n g t h E, t h e r e l a t i v e p o r t i o n of t h e -+ -vari-ous ionsatk=nk/ne and t h e degree of d i s s o c i a t i o n xD=nl/(nl+n2) were c a l c u l a t e d i n dependence on t h e discharge current.At t h i s c a l c u l a t i o n t h e g a s temperature was s e t constant(80K)and we used f o r t h e radi a l d i s t r i b u t i o n of t h e charge c a r r i e r s a BESSEL p r o f i l e . RESULTS:Figs.l and 2 compare t h e importance of t h e v a r i o u s kinds of ions a t d i ff e r e n t prassures.The H; i o n s a r e e n t i r e l y i n s i g n i f i c a n t a t low p r e s s u r e s but g a i n considerable importance a t higher pressures.0n t h e o t h e r hand t h e molecular i o n H : always plays only a subordinate r o l e i n t h e i o n i c budget . Fig.3 shows t h e inc r e a s e of t h e degree of d i s s o c i a t i o n with i n c r e a s i n g current.At low pressures small c u r r e n t s ,can a l r e a d y produce n e a r l y comp l e t e dissociation.At h i g h e r pressures xD decreases but t h e absolute concentration of H atoms i s r e l a t i v e independent on the pressure .Especially a t low c u r r e n t s and r e l a t i v e low p r e s s u r e s t h e accomodation c o e f f i c i e n t # influences considerably t h e degree of dissociation (Fig.4) .Small values o f f r e l a t e t o low temperatures a t c l e a~ tube wall.Also a s p e c i a l c o a t i n g of t h e w a l l ( f o r instance with phosphite) red u c e s v .~h e region ofTshown i n Big.4 corresponds t o t h e r e a l l y occuring values und e r d i f f e r e n t conditions. P i n a l l y Figs.5 and 6 show examples of t h e c a l c u l a t e d e l e c t r i c c h a r a c t e r i s t i c of t h e p o s i t i v e column i n hydrogen.Contrary t o a l l t h e o t h e r f i g u r e s number 6 a l s o cont a i n s r e s u l t s f o r t h e case of an open d i scharge tube ( l a r g e dead space ) ,The negative slope of t h e c h a r a c t e r i s t i c i s caused by t h e t r a n s f e r of t h e p o s i t i v e column from a p r e v a i l i n g molecular(H2)dischqrge a tlow c u r r e n t s t o s t a t e s w i t h a considerable atomic component a t high c u r r e n t s . I n consequence of t h e small degree of dissociat i o n a t high gas pressure t h e character i s t i c remains f l a t i n t h i s case. REFERENCES : / 1 /NICHEL,P. , PFAU, S. RUTSCHER, A. , 7IIhTLER, Re Contr.Pap.13th ICPIG,Berlin 1977,p.245 /2/!&ICHEL, P., PrlkU, S., GIRKLER, R., i n prepar. 
